Basic ECG & Arrhythmias 


Damrong Sukitpunyaroj, MD 





ECG 


• 12 lead ECG 



• ECG strip 
(Rhythm strip) 





















































ECG 


12 lead ECG 

- Complete 
information 

• Rate, rhythm, axis, 
hypertrophy, 
ischemia, 
miscellaneous 

-Takes more time 

- May not obtained 
from telemetry 
monitor 


ECG strip 

- Limited information 

• Rate, rhythm, + 
Ischemia 

- Easy to get 

• Monitor: Telemetry, 
Defibrillator 

- Longer strip give 
more information 
about rhythm = 
rhythm strip 



Cardiac Cycle 
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QT interval 
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P wave: Atrial contraction (<2.5 small box) 

PR interval: AV conduction time (< 1 large box) 

QRS complex: Ventricular depolarization(< 3 small box ) 

Twave: Ventricular repolarization 


























































































































Five Aspects for ECG Reading 


•Rate 

• Rhythm 

• Axis 

• Hypertrophy 

• Infarction 
















































































































































































































































































































































ECG Paper 



;E3»S! 


K=yMHiii&ii9rai£i:!!=£:==: 


• ECG paper runs by a machine with the 
rate of 25 mm/sec 

•Standardization 10 mm = 1 mVolt 































































































































































































































Rate = 300 /N = 1500/n 
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n^AitmcniEJfmajm 25 mmlw l imri 

” ” 1 ” 1/25 = 0.04 

” ” 5 ” 0.04 x 5 = 0.2 


























Quick rate determination 
















Rate 


???? 














































































































































































































































































































































Marked Bradycardia or Total Irregular Rhythm 








3 second marks 







6 second strip 



Rate = Cardiac cycle in 6 second strip x 10 


















Rate = ? ? ? 
































































































































































































































































Rate= ??? 















































































































































































































































Five Aspects for ECG 

_ Reading _ 


• Rate 

•Rhythm 

• Axis 

• Hypertrophy 

• Infarction 










































































































Rhythm(Arrhythmia) 


Always Measure P-R Interval and QRS Complex ” 


Varying Rhythm : sinus arrhythmia, Wandering 
pacemaker, AF 

Extra Beats and Skips : premature beats, escape 
beats, sinus arrest 

Rapid Rhythm : PSVT, AFI, AF, VT, VFI, VF 
Heart Blocks : SA blockk, AV block, BBB 





• «0^u0^i P waves ims; QRS complexes 

-Rate 

-Regular or Irregular 
-Morphology 

• P waves uas QRS 
complexes -> PR interval 



1. jjowi QRS complex 


liimu QRS complex 

- Asystole 

- Ventricular fibrillation 
(VF) 

- Connector problem 


mu, QRS complex 

- Rate 

• < 60 Bradycardia 

• 60-100 normal 

• >100 tachycardia 

- Regularity 

• Totally irregular -> likely 
AF 

- Narrow or Wide 

• Wide QRS 

- Ventricular rhythm e.g 

- Pacemaker rhythm 

- Pre-existing BBB 

- Aberrant conduction 

- WPW 



Quick Approach to Rhythm 


Look for QRS 

- No QRS identified : Asystole, VF, connector problems 

- QRS identified -> Identify heart rate 

• Normal resting heart rate: 60-100 bpm 

• Tachycardia: >100 bpm 

• Bradycardia: <60 bpm 

- Regular or irregular 

• Totally irregular likely AF 

- Wide or narrow QRS complex 

• Wide QRS complex : Ventricular rhythm e.g. VT; pre-existing 
BBB or aberrant conduction; pre-excitation (WPW), 
pacemaker rhythm 



Quick Approach to Rhythm 


Look for P wave and association of P wave to QRS (PR 
interval) 

- P wave : not identified 

• P wave hidden in T wave, QRS complex, small P wave 

• No P wave with flat line : sinus arrest, sinus block 

• No P wave with fibrillation/flutter wave: AF, A flutter 

- P wave: identified 

• Is it sinus P wave? - P wave + in II, III, aVF 

- Not sinus P wave : ectopic atrial rhythm (bradycadia or normal FIR), 
atrial tachycardia (tachycardia) 

• Retrograde P wave? 

- Junctional rhythm, SVT, VT 

• Association of P wave to QRS -- > PR interval is consistent? 

- No association : AV Block Vs AV dissocitation 

- Some associtation but not consistent: 2 nd degree AVB 

- Consistent association but long PR: 1 st degree AVB 



Mechanism of Cardiac 
Arrhythmias 


Abnormal Impulse Formation 


-Increase Automaticity 
-Triggered Activity 
- Reentry J . 

Abnormal Impulse Conduction 


Combination 


Classification of Cardiac arrhythmia 




AV node 


Right bundle branch 


Myocardial cells 


Purkinje libers 


$A node 


Left bundle branch 

















Normal Sinus Rhythm 



normal rate 
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A. Norma! 
sinus rhythm 


SA node 


Impulses originate 
at SA node at 


ECG 

Criteria 


1. Rate 

60-100 beats / min 

2. Rhythm 

regular 

3. P waves 

upright in I, II and aVF and uniform 

4. PR interval 

0.12-0.20 sec and constant from beat to 


beat 

5. QRS duration 

0.10 sec or less 

































































Normal Sinus Rhythm 


1. nn P waves 

q 

a QRS complexes mum 

cs'i I /=a ]/\ i ^ A -4 A ^ 

.Uno umjmuiJnflflmmrvu U.l d. quivi 

3. f^^vidn^i xmz complexes 

4. P wave ffj&lu lead 2,3, aVF 

5. -a pi rim ?i!m 60-100 fw/unvi 



Sinus Bradycardia 



B, Sinus 
bradycardia 

Impulses originate 
at SA node at 
slow rate 


All complexes normal, evenly spaced; rate <$Q/minute 


ECG 

criteria 


1. Same NSR 

2. Rate < 60 BPM 


































Sinus Bradycardia 


g'wmjTufiuiJnfllfl nasj limgifm tfii 


- High vagal tone mjtfnmn 

- Nocturnal bradycardia 


ntSmrmrain iim 1499911 40 

unstabl© bradycardia 


- Vagovagal reflex -> cardioinhibitory 

- Sinus node disease 
-Drug effects 

• B-blocker, Ca blocker, antiarrhythmic (Amiodarone, digoxin, 
etc) 

- Electrolyte imbalance, acid-base abnomality 

- Acute coronary syndrome 

- Etc. 



Sinus Tachycardia 



C, Sinus 
tachycardia 


Impulses originate 
at SA node at 
rapid rate 


Alf complexes normal, evenly spaced; rate >l00/rmnule 


ECG 


1. Same NSR 

2. Rate: greater than 100 bpm 


Criteria 














































Sinus tachycardia 


lmnw3wi^mn»n i D'U'm 

uriAQ?tikn«niviflwn?£flu mls^s^u?imn?i^si4i.ilwilnSLa'3 mwJmusi 
b <* <* b 2^ 

mot SinilS tachycardia m^ItjwnruntjliJtin^twiviwn^wuri 
?mvm 0ns?n»nt(?i?jHun Beta blocker u 

q 

sinus node 


QU 

QJ 


rmseimlra 


— 9ini5m c u0tJDinl5fiiJ0fi ■rnybinJofl etc 

— misifildA 

— dTHiWiTmi 

y i 

— 0njJNfnJnivn^m^nIiJ00 wru ihenaeh iai 


Sinus node reentry, Inappropriate sinus tachycardia -> iHjltfljiijeo 



Sinus Arrhythmia 



D. Sinus 
arrhythmia 

impulses originate 
at SA node at 
varying rate 


ECG 

Criteria 


1. Rate 

usually 60-100 

2. Rhythm 

irregular, phasic with 


respiration (increase 


during inspiration) 

3. Other 

same NSR 

































Sinus arrhythmia 



iSes'iinfi P Wave unnsfianums 

qj 





Contraction 


Premature contraction 

P wave often has contour slightly different from sings beats. 
PR Interval often long.. QRS narrow (<0.1Q second), similar to 
normal beats except for timing 


2. Junctional (nodal) 


Premature contraction 

QRS narrow (<0.10 second), P wave often inverted; may 
precede, be incorporated in, or follow QRS. depending on 
whether of high, mid or low nodal origin 


3. Ventricular 


Premature contraction 

QRS wider than normal and distorted in shape. Usually no P wave 


Premature 


A. Premature contractions (occur early, before next sinus beat is expected) 
1. Atrial 






















































































































































































































Supraventricular Tachycardia 
(SVT) 

From SA node (sinus node) 

- Sinoatrial node reentry tachycardia (SNRT) 

- Inappropriate sinus tachycardia 

Atrial source 

- Ectopic atrial tachycardia (EAT) 

- Multifocal atrial tachycardia (MAT) 

- Atrial fibrillation with rapid ventricular response 

- Atrial flutter with rapid ventricular response 

(Without rapid ventricular response, fibrillation and flutter are usually not 
classified as SVT) 

Atrioventricular source (AV node) 

AV nodal reentry tachycardia (AVNRT) 

AV reciprogating tachycardia (AVRT) 

Junctional ectopic tachycardia (JET) 



Supraventricular Tachycardia 




Atrial rate 160 to 220/minuie, 

P waves regular and often Inverted, 
QRS regular or irregular 


4. Repolarization 
completed, 
which allows: 

5, Recycling 
impulse 

1. a pathway 
within AV node 


3, Shaded area of ab norma 
conduction stops normal 
antegrade wave front 
(unidirectional block) and 
slows returning impulse 


2. 0 pathway within 
AV node 


H. Paroxysmal 
atrial 

tachycardia (PAT) 


Impulses recycle 
repeatedly in and 
near AV node due 
to slowing in 
area of unidirectional 
block 


























































Nonsinus Atrial Rhythm (CS) 



waves 


inverted in 


leads II, Ell and aVF 


P 


E. Nonsinus atrial 
(coronary sinus) 
rhythm 

Impulses originate 
low in atrium; 
travel retrograde 
as well as distafiy 


ECG 

Criteria 


1. QRS 

Normal-looking 

2. Rhythm 

regular 

3. P waves 

negative in I, II, aVF 

4. Rate 

normal, tachycardia 






























































Nonsinus Atrial Rhythm 
(Atrial ectopic rhythm) 

atrium um 

SA node 

ECG — P wave liiiilvminlu ll,lll,aVF 




Wandering Pacemaker 



F* Wandering 
atrial 

pacemaker 

Impulses 
originate from 
varying points 
in atria 


Variation in 
P wave contour 
PP interval, 

PP and thus 
RR intervals 


ECG 


1. Normal-looking QRS 

2. Rhythm :irregular 

3. P wavesrmore than 3 contours 


Criteria 








































































Wandering pacemaker 


Atrial arrhythmia 

sinoatrial node (SA node), atrium, and/or the 
atrioventricular node (AV node) 

ECG 

- P wave (upright, flattened, notched, biphasic) 

jjnmuvfilu lead II 

- Ventricular conduction d™ ->QRS udirndni 

inflsnnfmnJaowmJfnwa-jDo-) vagal tone ( varying vagal tone) 

— ifle vagal tone SM SA node fl£iia'etj“lvlvlitrm;i mlmjniiiiaealvlvhtnn(MiniAlYlvli 

— me vagal tone mm SA node DSfl0IIU1 c t11^TU0fl 
wulflTuifln mimi ■unnvn 





Multifocal Atrial Tachycardia (MAT) 



P wave contours, PR intervals, 
PP and thus RR intervals 
all may vary 


G. Multifocal 
atrial 

tachycardia (MAT) 

Impulses originate 
irregularly and 
rapidly at different 
points in atria 


CIBA 


ECG Criteria 

1. Same wandering pacemaker 

2. Rate >100 bpm 


























































































Multifocal atrial tachycardia 


• ECG 

2 / ^ 2 / 

— P wave 3 uuimlil 

— PR intervals imnrfn^nu 

— W'SftlQwnnnQn 100 flift/okmu 

• ehivm 

COPD rmi hypoxemia 

— aisTOl-onnt digitalis toxicity, AMI, hypokalemia, 
hypomagnesemia 

• m??nm 

— jnmanivisj rraW Oxygen ‘enwEi'lutrariEJ 

— mm‘lswi4i,fQjj'in'!nswsnfanWinnow Ca blocker wiu Verapamil, 
etc 



Atrial Flutter 


L Atrial flutter 

Impulses travel in 
circular course 
in atria, setting 
up regular, rapid 
(220 lo ZOO I minute) 
flutter (F) waves 
without any 
isoelectric baseline 



Variable block 

!■ ■ 

- Lead II 


Rapid flutter (F) waves, Ventricular rate {QRS) regular or 
irregular and slower (depending on degree of block) 


ECG 

Criteria 


Rate 

atrium 250-400, ventricular vary 


usually 150 

Rhythm 

atrial regular , vent may reg or irreg 


depending on AV conduction 

P wave 

saw-toothed or “flutter” waves 

PR interval 

not measurable 

QRS 

normal or BBB 



























































Atrial flutter 


ECG : annals: P wave filheifliuaoei 

msmn 

macroreentry 

V I 

ilnwijlumbalTfmi'ta uflimfii^YmlitfiuYiSinTD 

<u 

I ^11 9J 

iJnei m 

u'eeifif^fls; degenerate iib atrial 
fibrillation 

(ventricular response) 

- Flutter rate 300 ms 

• 2:1 AVB V rate 150 bpm 

• 3:1 AVB -> V rate 100 bpm 

rmlYitn 

- Rate control 

- Rhythm control : cardio version, 
drug, RF ablation 

- Embolic prevention m&m 
AF 


Atrinl Flutter 



Sinus (SA) 
node 


Surgical 
scar- 


Ri^ht 

atrium 




Tricuspid 
valve 


ventricle 


Natural 
scar 


Left 

atrium 


Left 

ventride 



No mi a I sinus rhythm 



Atrial flutter 







































































Atrial Fibrillation 


J. Atrial 
fibrillation 

Impulses take 
chaotic, random 
pathways in atria 



Baseline coarsely or finely irregular; P waves absent, 
Ventricular response (QRS) irregular, slow or rapid 

















































Atrial Fibrillation 


11I14 arrhythmia. Qi^iAiimimu sick sinus syndrom (SSS) 

fjtn'U'UQufi iAiu 1 i 4 fi c mlfii (lone AF) 

ECG : “bJir™ P wave (oumwilwfibrillatory activity) ; QRS limihimjQ 

- Ventricular rate 0i?mm0$i#umj ventricular conduction 

AF inunu WPW syndrome atrial activation ventricle muwn 
bypass tract imu AVN 01™ ventricular rate mmnmnfl VF 1 $ 

AF emnu AF with WPW uei c km?fufi ventricular rate m 

c ll 1 1 1 

um«i miumSi nismtmnA acute 

coronary syndrome iikmj 

Co-morbidity ManiEM AF Ho thromboembolism (Strokes; acute 
embolism) 

AF management 

- Rhythm control: Cardioversion, antiarrhythmic drugs, RF 
ablation 

- Rate control 

- Embolic prevention 



Sick sinus syndrome (SSS) 

Sinus arrest 

-+/- escape junctional rhythm (slow 
junctional rhythm) 

Sinus pause 
Sinus exit block 

Extreme sinus bradycardia 

-+/- chronotropic incompetence 

Tachy-bradyarrhythmia 



Sinus Arrest 





































































































































































Sinus pause/Sinus arrest 


ECG 

— P wave vneilil > 2 Tmfi (1 0 ^Ivid) m\v( QRS vnulil mt)ij QRS vunemn^ei 

(escape rhythm) ” 

• Atrail escape: rate 60-80 BPM 

• Junctional escape : rate 40-60 BPM 

• Ventricular escape; rate 20-40 

• No escape rhythm: asystole 

memn Sinus node (Sinoatrial node) 

tm? 


q 

- Sick sinus syndrome 

• Fibrosis, infiltrative disease, ischemia 

- Drugs, toxicity 

- Electrolyte imbalances 

- High vagal tone - carotid massage, vagal maneuver, vagovagal/ 
vasovagal reflex (cardioinhibitory type) 



Escape Beat 



Variable period of asystole 

i 


Escape 

mechanisms 


4 


©Cl BA 


B. Escape beats {occur late) 


SA node 
arrested 


-—---► 

Ventricle takes over, usually after 1.6 to 2,2 
seconds: ventricular escape beat 


SA node resumes: sinus pause 


AV node takes over, usually after 1,2 to 1,6 
seconds: junctional escape beat 


AV node takes over; retrograde conduction: 
junctional escape beat 























































































Junctional Rhythm 


K, Junctional 
rhythm 

Impulses originate 
in AV node with 
retrograde and 
antegrade 
transmission 



P wave, often inverted, may be buried in ORS or follow 0RS, 
Rate slow, QRS narrow 
































































Junctional Bradycardia 























































































































Sinus exit block 


R-R regularity 



R-R regularity not interrupted 
Rhythm resumes on time 
after pause 
































Sinus Exit Block 


ECG 

—P wave mtiliJ QRS •maliJ 

—utifiDin sinus pause pause 

interval (2x, 3x,4x,...) 

PP interval rietmtfi 

mivm 

-mfleu Sinus pause/arrest 



Tachy-bradycardia Syndrome 


Fk-»vmi tti+±r? ^uwi -> 



Fkosiv4d CQ4&20 SSflimtot-: lfl-ffnvmv Ghhiui 



Fteo^vtfl OS^Sfl KmrrtK. in-m|>*nv -Confe^OM — > 



Hp.:^.wk 1 0^44^$ MnwnAsK. iQ-fTwnftnv £nfl 





AV conduction abnormality 


First degree AV block 
Second degree AV block 

-Mobitz I 
-Mobitz II 
-2:1 AV block 

(high grade AV block) 

Third degree AV block (Complete AV 
block, complete heart block) 



Types of AV block 


Features of two types of atrioventricular block 



Site of block 


Type of 
escape rhythm 


Underlying 

pathology 



Junctional escape rhythm 
Narrow QRS 
Adequate rate (40-55) 


Crest of AV node 


Right coronary artery 
disease, diaphragmatic 
infarction, edema around 
av node 


“Low” 

♦ 

Bundle of His, bilateral 
bundle branch, or 
trifascicular 


Ventricular escape rhythm 
Wide QRS 

Inadequate rate (20-40) 
Danger of asystole or 
ventricular tachycardia 


Left anterior descending 
coronary artery disease, 
targe anteroseptai 
infarction, or chronic 
degeneration of 
conduction system 


Rhythm before Preceded by Mobitz t (Wenckebach) Preceded by Mobitz tt 

complete block second-degree AV block second-degree av block 




















First Degree AV Block 



P wave precedes each QRS complex but PR interval, although uniform, 
Is >0.2 second (>5 small boxes) 


D. Fixed but prolonged PR interval 
First-degree AV block 

Partial block 


©Cl BA 


Criteria 

• Prolong PR interval > 0.20 sec 
































































































First degree AV block 

ECG : PR interval > 0.2 sec (200 msec) 

Common causes 

- Normal variant (incidence 0.6 -1.1% in normal population) 

- Enhanced vagal tone le.g. atheletes) 

- Medication 

- Electrolyte imbalance 

- AV conduction disease 

- Myocarditis, AMI etc. 

Management 

- Identifying and correcting electrolyte imbalande 

- Witholding the offending medication 

Prognosis 

- Isolated first degree AV block - no direct clinical consequences 



Second Degree AY Block, Mobitz I 



Block 


Block 


Block 


Conduction still 
less good; 

PR still longer 


Conduction 
less good; 
PR longer 


Conduction 

fails; 

QRS dropped 


AV node recovers 
PR normal again 


Good, rapid conduction 
across crest of AV node; 
normal PR interval--^ 









































































































































Second degree AV block, Mobitz I 
(Wenckebach) 

• ECG : PR interval dropped 

QRS complex reset 

PR interval 
(Wenckebach cycle) 

• benign condition uaslii 

specific treatment 



Second Degree AV Block, Mobitz II 


F. Sudden dropped QRS without prior PR lengthening 

Second-degree AV block: Mobitz I) {non-Wenckebach} 


AV block at 
level of 
bundle of His, 
or at bilateral 
bundle branches; 
or trifascicular 



PR intervals 
do not lengthen 


Sudden dropped QRS 
without prior 
PR changes 













































































Second degree AV block, Mobitz II 


ECG : Dropped QRS (blocked P wave) n\u 
Ifitm P wav PR 

intervals wui QRS complexes vneiliJ 

SJ a 

AV conduction atu 

iJa-m (infrahisian block) 

fniutfimu! 

ZJ 

- Slama progress iflu complete AV block 'lilu 
fsejsnjnstjfl'u syncope, cardiac arrest me 
sudden cardiac death 

— iilu'ua^ii^llumtla Pacemaker 



